Asthma is characterized by reversible airway obstruction, airway hyperresponsiveness, and airway inflammation. Although our understanding of its pathophysiological mechanisms continues to evolve, the relative contributions of airway hyperresponsiveness and inflammation are still debated. The first mechanism identified as important for asthma was bronchial hyperresponsiveness. In a second step, asthma was recognized also as an inflammatory disease, with chronic inflammation inducing structural changes or remodeling. However, persistence of airway dysfunction despite inflammatory control is observed in chronic severe asthma of both adults and children. More recently, a potential role for epithelial-mesenchymal communication or transition is emerging, with epithelial injury often resulting in a self-sustaining phenotype of wound repair modulation by activation/ reactivation of the epithelial-mesenchymal trophic unit, suggesting that chronic asthma can be more than an inflammatory disease. It is noteworthy that the gene-environmental interactions critical for the development of a full asthma phenotype involve processes similar to those occurring in branching morphogenesis. In addition, a central role for airway smooth muscle in the pathogenesis of the disease has been explored, highlighting its secretory function as well as different intrinsic properties compared to normal subjects. These new concepts can potentially shed light on the mechanisms underlying some asthma phenotypes and improve our understanding of the disease in terms of the therapeutic strategies to be applied. How we understand asthma and its mechanisms along time will be the focus of this overview.
Introduction
Asthma represents a serious public health problem throughout the world, and its prevalence is increasing both in developed and developing countries (1) . Despite significant advances in our understanding of the disease and availability of therapies, limitations still persist: some patients do not respond or stop responding to corticosteroid treatment (2) , long-term loss of lung function in asthmatic subjects persists despite adequate anti-inflammatory therapy (3), and airway structural changes and remodeling poorly improve with therapy. This overview concentrates on how the understanding of asthma and its mechanisms has been evolving with time.
Asthma is characterized by reversible airway obstruction, airway hyperresponsiveness, and airway inflammation, mainly with eosinophil and Th2 lymphocyte infiltration. The first mechanism identified as important for asthma pathophysiology was bronchial hyperresponsiveness (BHR), and the disease was understood as a disorder of the conducting airways, which contracted too much and too easily. In a second step, asthma was recognized also as an inflammatory disease. The inflammatory process was identified as a major component of the disorder, where acute and subacute inflammatory responses superimposed on chronic inflammation, leading to structural changes and airway remodeling. More recently a new concept is emerging which may probably help to understand what is going on in chronic asthma, which seems to be more than an inflammatory disease. Although most asthma cases can be satisfactorily managed with a combination of anti-inflammatory drugs and bronchodilators, patients who remain symptomatic despite maximum combination treatment represent a heterogeneous group, in which a subphenotype can be characterized by heightened neutrophilic airway inflammatory response in the presence or absence of eosinophils, with evidence of increased tissue injury and remodeling. Aberrant communication between an injured airway epithelium and underlying mesenchyme contributes to disease chronicity and refractoriness to corticosteroids (4) . Many patients with severe asthma show persistent airway dysfunction despite inflammatory control (5) and anti-inflammatory therapy does not improve airway remodeling. In fact, airway remodeling has been detected in children with short-term underlying airway inflammation (6, 7) . Taken together, these observations suggested the hypothesis of a role for activation or reactivation of the epithelial-mesenchymal unit, involving mechanisms similar to those observed during normal lung morphogenesis.
Bronchial hyperresponsiveness
Bronchial hyperresponsiveness, excessive airway narrowing caused by stimuli that normally elicit a limited or no response, has been recognized as a prominent feature of asthma, and is manifested by a combination of increased sensitivity and reactivity to a given stimulus (8) . Although BHR broadly correlates with asthma severity, a cause and effect relationship is far from clear. The understanding of this mechanism is limited by experimental difficulties. It is noteworthy that the BHR measured in the laboratory, with direct stimulation of the airway smooth muscle by the use of bronchial provocation drugs, differs from that elicited by environmental stimuli (e.g., air pollutants, allergens, cold air), which induces airway narrowing indirectly through the release of mediators (9) . Acute narrowing of the airway lumen is caused by contraction of the airway smooth muscle (ASM) cell, but a causal link has been equivocal (10) . Although ASM behavior can be modified by the presence of inflammation in the local environment (11, 12) , the airway inflammation in asthmatic patients does not correlate with the degree of airway responsiveness (5, 8) . There is great interest in understanding if the airway muscle per se differs between asthmatic and non-asthmatic subjects, or if it simply responds to an altered environment.
Functional changes have been reported in the ASM behavior of asthmatic patients, suggesting that the intrinsic contractile properties of ASM are altered in asthma (8, 13, 14) . Increased response to contractile agonists (15, 16) and reduced response to dilator agonists have been well documented (11, 17) . The oldest and simplest explanation of why the muscle can shorten excessively in asthma is that muscle from the asthmatic airways is stronger than muscle from non-asthmatic airways, but evidence for this hypothesis is equivocal (18) . On the other hand, the alternative hypotheses were consistent with remodeling events induced by an inflammatory microenvironment, e.g., changes of muscle mass, changes of the static load against which the muscle shortens, and changes of the dynamic load of myosin binding. In humans, however, bronchospasm has been reported in the absence of acute inflammation in exercise-induced asthma, with no significant increase in bronchoalveolar lavage levels of inflammatory mediators and/or cells (14) . Indeed, the extent and functional implications of the various elements present during remodeling are uncertain (8) .
The first evidence for an intrinsic abnormality of ASM cells came from the observation that ASM cells from patients with asthma proliferate significantly faster than cells from control subjects (19) . Indeed, a recent report demonstrated reduction of asthma symptoms and improved lung function after removal of ASM bundles (20) . Other studies, however, have reported increased ASM contractility with no change in ASM mass in in vitro and in vivo models of airway hyperresponsiveness (21, 22) .
In addition, increased velocity of muscle shortening has been demonstrated in animal models of airway hyperresponsiveness (21, 23) , and in human ASM from asthmatic patients, in which these functional differences were associated with an increased message for myosin light chain kinase (14) . ASM velocity of shortening plays a significant role in determining the maximal extent of smooth muscle shortening for a given load (22) , supporting its relevance to airway hyperresponsiveness (8) . These findings suggest that the cell itself seems to be mechanically different, supporting the argument that ASM cells are the seat of primary changes in the mechanical properties of the asthmatic airways (14) .
Other reports indicate that ASM cells from patients with asthma have an activated phenotype that may be attributed to an intrinsic or acquired abnormality. ASM cells from these patients produce more connective tissue growth factor, an important contributor to extracellular matrix deposition, in response to transforming growth factor-ß (TGF-ß) (24), while they produce less prostaglandin E2 as a result of lower cyclooxygenase-2 expression, which could result in less airway relaxation or lower the threshold for ASM cell contraction (25) .
Another difference between ASM from asthmatics and non-asthmatics is related to its response to deep inspirations. Previous studies have reported bronchodilation and a bronchoprotective effect of deep inspiration on the airways, which was absent or diminished in asthma (26) . Indeed, in asthmatics, deep inspiration fails to reverse spontaneous obstruction, and sometimes even results in worsening of airway narrowing (27) (28) (29) . Furthermore, the degree of bronchoconstriction induced by deep inspiration is related to spontaneous obstruction severity (28, 29) .
Two hypotheses have been raised in an attempt to explain the mechanism by which lung inflation confers protection on the non-asthmatic lung. The first is a direct effect of stretching on ASM. The depression of contractility during length oscillations is explained as a function of the plasticity of contractile filaments within ASM cells, which allows contractile element length to be reset in relation to smooth muscle cell length as a result of changes in the length to which the muscle is stretched (30) , or of changes in the cycling and nature of the myosin cross bridges (31) . The second hypothesis is that airway stretch activates a process that antagonizes a bronchoconstrictive stimulus in a functional way (26) . However, the question remains as to why the effects of deep inflation are absent in asthma. These effects may become defective because lung inflation may not be capable of stretching the airway, because the airway may be stretched but its effect on ASM is defunctionalized by airway inflammation, or because an intrinsic abnormality of the ASM prevents the bronchoprotective effect of airway stretch. Recent observations on ASM cells from naturally hyperresponsive and hyporesponsive rats support the idea that intrinsic abnormality of the ASM may interfere with the protective effects of lung inflation on asthmatic airways (13) .
In addition, it is thought that the ability of the ASM cell to accommodate its cytoskeleton to progressively shorter working muscle lengths is a major factor contributing to the excessive airway narrowing in asthma (10) . Recently, it has been demonstrated that ASM cells from the relatively hyperresponsive Fisher rat possess a higher content of ATP and higher effective temperature of its cytoskeleton lattice than the hyporesponsive Lewis strain, indicating that the biophysical properties of the ASM cell can contribute to the pathophysiology of BHR in asthma (10) . Thus, although inflammatory mediators can affect ASM cell behavior (32), these new lines of evidence propose a supportive mechanism for BHR, which is independent of inflammation or remodeling.
Airway inflammation
Asthma is recognized as a chronic inflammatory disorder, whereas airway inflammation is a constant feature within a highly variable clinical spectrum, and is persistent even though symptoms are episodic (33) . The inflammatory process is dominated by Th2 cells, which release specific cytokines including interleukin (IL)-4, IL-5, IL-9, and IL-13, that orchestrate eosinophilic inflammation and IgE production by B lymphocytes. Although eosinophils and T cells have received substantial attention, the interactions among multiple cell types, including basophils, mast cells, epithelial cells, macrophages, and B lymphocytes, add further complexity to the pathogenesis of asthma. Structural cells of the airways also produce inflammatory mediators and contribute to the persistence and amplification of the inflammatory process (Table 1) (32, 34) . Th2 cells are involved mainly in allergic disorders, and are responsible for the humoral response. In contrast, Th1 cells produce interferon-γ and IL-12, and promote the cell immune response. In asthma, the balance between Th1 and Th2 cytokine production is more important than the absolute levels of individual cytokines (34) . Th1 and Th2 cells differentiate from a common precursor in response to the local environment and to regulatory cells.
Over 100 different mediators are now recognized to be involved in asthma and to mediate the complex inflammatory response of the airways by activating different signaling pathways and transcription factors. Cytokines orchestrate the inflammatory response and determine disease severity ( Figure 1 ). Key cytokines involved in asthma pathophysiology include IL-1ß and TNF-α, which amplify the inflammatory response through activation of the transcription factors NF-κB and GM-CSF, which prolong eosinophil survival, and the Th2-derived cytokines: IL-5, required for eosinophil differentiation and survival, IL-4, important for Th2 cell differentiation, and IL-13, required for IgE formation and directly related to BHR. The main Th2 cytokines, IL-4 and IL-13, act by activating the signal transducer and activator of transcription 6 (STAT-6) pathway, and also MAP kinase in some cell type, such as ASM cells (32, 35) . The release of chemokines is also important in the recruitment of inflammatory cells into the airways, including eotaxin, which is relatively selective for eosinophils; thymus and activation-regulated chemokine (TARC) and MDC, which recruit Th2 cells; RANTES, a chemoattractant for eosinophils and lymphocytes secreted by epithelial and T cells; monocyte (MCP-1 and MCP-2) and eosinophil (MCP-3 and MCP-4) chemoattractant released by macrophages (macrophage inflammatory protein, MCP-1), T cells (MCP-2, -3), epithelial (MCP-1, -4) and smooth muscle cells (MCP-1), and MIP-1α, chemoattractant for eosinophils and basophils, released by eosinophils, basophils, neutrophils, and epithelial and smooth muscle cells (34, 35) . Chemokines are expressed mainly in airway epithelial cells; however, recent reports also highlighted a key role for ASM cells in chemokine release, including eotaxin and TARC (32, 35, 36) .
A relationship between asthma severity and the intensity of inflammation has not been clearly established. Although studies on both asthmatic adults and children have reported dissociation between airway inflammation and the degree of airway responsiveness (5-7,37,38), Fibroblasts and myofibroblasts Involved in airway remodeling Connective tissue components, such as collagen and proteoglycans PGD2 = prostaglandin D2; MBP = major basic protein; ECP = eosinophilic cationic protein; EPO = eosinophil peroxidase; IL = interleukin; TNF-α = tumor necrosis factor-α; GM-CSF = granulocyte-macrophage colony-stimulating factor; G-CSF = granulocyte colony-stimulating factor; MIP-1α: macrophage inflammatory protein-1 α; TARC = thymus and activation-regulated chemokine; VEGF = vascular endothelial growth factor (33, 34, 36, 42) . Figure 1 . Figure 1 . Figure 1 . Figure 1 . Figure 1 . Schematic representation of cytokine role in the response to different inflammatory diseases. Cytokines usually act through membrane receptors initiating intracellular signaling, with transcription factor activation, followed by nuclear stimulation, and the production of inflammatory mRNA and protein.
inflammation alone may lead to some features of asthma, such as reversible bronchospasm (39) . In addition, chronic inflammation can cause tissue injury and structural changes, collectively referred to as remodeling. Airway remodeling is characterized by increased wall thickness, subepithelial fibrosis, smooth muscle hypertrophy and hyperplasia, epithelial mucus metaplasia, increased vascularity, and abnormalities in extracellular matrix composition (40) . These structural changes may account for some characteristics of asthmatic physiology that are poorly addressed by current anti-inflammatory treatment (41) . Airway wall thickness correlates with disease severity and length of time with disease, while smooth muscle thickness correlates with fatal versus nonfatal asthma (40) . Airway remodeling has been proposed to explain aspects of asthma severity, such as airway hyperresponsiveness and fixed airway obstruction (41) . Indeed, an animal model of airway remodeling suggests that airway dysfunction persists after resolution of inflammation, implicating airway remodeling as a factor in airway dysfunction (37) . Remodeling is also considered to be related to the more rapid decline in lung function over time occurring in asthmatic subjects compared to nonasthmatics, a characteristic that has not been modified by corticosteroid treatment (3). The traditional view that ASM is a purely contractile tissue in asthma, a "passive partner" responding to exogenous substances in an adverse environment, seems to be inadequate (32, 35) . Compelling evidence now suggests that ASM plays an important role in regulating bronchomotor tone, in perpetuating airway inflammation, and in airway remodeling (32) . Several publications have demonstrated that ASM, in addition to having contractile and proliferative properties, is also an important source of pro-inflammatory cytokines, chemokines and growth factors, as well as extracellular matrix components (19, 35, 36, 42, 43) .
Several interleukin molecules have a direct role in propagating the asthmatic inflammatory process, such as IL-13, IL-4, IL-5, IL-6, and IL-11 (32, 35, 36, 38, 39, (42) (43) (44) . A cycle beginning with Th2 inflammation and culminating in remodeling has been described. ASM cells are directly involved in this cycle, perpetuating lung inflammation (40) . In addition, human ASM cells in culture can also produce several compounds implicated in remodeling, including fibronectin, laminin, percelan, chondroitin, and vascular endothelial growth factor (42, 43, 45, 46) . This may be especially relevant in the presence of increased smooth muscle mass observed in asthmatic lungs (35) .
Much effort has been made to characterize the diverse molecules secreted by ASM and to determine how they are induced. However, much less is known about the mechanisms that regulate the secretory response of ASM compared with its proliferative mechanisms. Thus, several studies have begun to address the intracellular signals necessary for ASM secretory activity (32, 35) . In ASM cells, IL-4 and IL-13 activate a STAT-6, as well as p38 and extracellular signal-regulated kinase pathways, leading to TARC and eotaxin release, respectively (35, 36) . IL-1ß and TNF-α also initiate signaling in ASM cells. Through p38 and extracellular signal-regulated kinase activation, IL-1ß induces cytokine and chemokine release by ASM cells, including eotaxin, RANTES, and GM-CSF; while TNF-α has been demonstrated to induce IL-6, ICAM-1, and RANTES by pathways involving NF-κB and AP1 activation (32, 35) . These cytokines involved in the asthma phenotype also synergize with oncostatin M (OSM), which activates the STAT-3 pathway in ASM culture, increasing MCP-1, IL-6 and eotaxin release. Moreover, ASM cells in culture can also release growth factors such as vascular endothelial growth factor after IL-4, IL-13 and OSM stimulation, an effect strongly enhanced by the presence of OSM together with IL-4/IL-13 or with IL-1ß. These findings suggest a role for ASM cells in airway remodeling (42, 43) .
Epithelial-mesenchymal unit
Persistence of airway dysfunction despite inflammatory control is observed in chronic severe asthma in both adults and children (3, 47) . More recently, a potential role for the epithelial-mesenchymal communication or transition has been emerging, which leads to the idea of chronic asthma as more than an inflammatory disease.
Remodeling was classically understood as a direct consequence of inflammation, which means that it depended on chronic and sustained inflammation. However, structural changes poorly improve with anti-inflammatory therapy. Furthermore, subepithelial fibrosis, a marker for remodeling, is actually also a very early marker for the asthmatic phenotype in young children, whereas it does not correlate with duration of the disease or necessarily with the severity of inflammation (6, 7) . Taken together, these observations suggest that some features of asthma physiology may be related to mechanisms other than chronic inflammation. Two parallel events have been proposed as necessary for asthma to become chronic and persistent: a susceptible airway linked to altered structure and function, and a microenvironment capable of sustaining a chronic inflammatory response (9) . Recent observations suggest that abnormal tissue injury and repair would provide this appropriate microenvironment for persistent inflammation and remodeling (48) . Studies with bronchial biopsies suggest that, in asthma, the airway epithelium is more susceptible to injury than the normal epithelium (49, 50) . Indeed, epidermal growth factor receptor (EGFR) and the epithelium isoform of CD44 expression, markers of epithelial injury in vivo, increase in asthma in proportion to disease severity, and throughout the epithelium, suggesting a widespread damage. Also, epithelial expression of the neutrophil chemoattractants IL-8 and MIP-1α is increased in severe asthma and correlates with increased EGFR expression. Thus, the effect of different components of the inhaled environment, such as oxidants, on a susceptible epithelium can trigger epithelium activation and damage in asthma (49) . Furthermore, in chronic asthma the airway epithelium seems to be impaired in its ability to reconstitute itself after injury, entering into a chronic wound response, with increased secretion of profibrogenic growth factors, such as fibroblast growth factor (FGF)-2. Actually, a number of factors contribute to an ideal microenvironment for the persistence of Th2-mediated insulin-like growth factor (IGF)-1, and TGF-ß (9,51), such as inflammation, including an epithelium more susceptible to injury, delayed epithelium repair, and an altered phenotype with the generation of growth factors that drive mesenchymal cell proliferation and differentiation towards increased matrix deposition and smooth muscle (9) .
Data exist suggesting that epithelial damage participates in the pro-inflammatory process by releasing cytokines, growth factors, and mediators (40, 52) . Epithelial damage induces up-regulation of receptors, specifically members of the EGFR family that drive proliferation and repair. Indeed, biopsies from asthmatic subjects demonstrate a marked increase in EGFR expression, which increases in proportion to disease severity and chronicity irrespective of corticosteroid treatment (9) . Injury to epithelial monolayers in vitro results in increased release of fibroproliferative and FGF including FGF-2, IGF-1, platelet-derived growth factor, endothelin-1, and TGF-ß as well as an array of EGFR ligands. TGF-ß, FGF-2 and endothelin-1 have been demonstrated to be increased in asthma, while both epithelial EGFR expression and TGF-ß production are refractory to corticosteroid treatment. This suggests that the combined effects of these signaling pathways on the epithelial mesenchymal trophic unit (EMTU) could be involved in tissue remodeling, explaining the incomplete resolution of lung function with anti-inflammatory treatment in chronic asthma (9, (53) (54) (55) . In severe asthma, however, a high level of EGFR expression is not followed by increased proliferation. Actually, an increase in p21 waf is demonstrable throughout the epithelium, where it impairs proliferation by arresting cells at the G1 phase of the cell cycle. Thus, in chronic asthma the airway epithelium seems to be impaired in its ability to reconstitute itself after injury, entering into a chronic wound response. The relationship between EGFR signaling and the repair and remodeling processes has been defined using EGFRselective tyrosine kinase inhibitors, suggesting that parallel pathways operate in repairing epithelial injury, some leading to reconstitution and regulated by EGFR, whereas others induce profibrogenic factor production independent of EGFR (9,53). Thus, epithelial injury can result in a selfsustaining phenotype of wound repair modulation by activation/reactivation of the EMTU (Figure 2) (53-55) . Collagen, reticular and elastic fibers, proteoglycans and glycoproteins, all of which contribute to lung remodeling, can be produced by mesenchymal cells influenced by epithelial cells. Thus, epithelial-mesenchymal interactions play an important role in extracellular matrix production and deposition (52, 53) . Furthermore, the Th2-type cytokines IL-4 and IL-13, signaling via the transcription factor STAT-6, are able to induce myofibroblast transformation and submucosal remodeling through a TGF-ß-depending mechanism. These cytokines also have direct proinflammatory effects on epithelial cells and fibroblasts, thus contributing to chronic inflammation and airway remodeling through their interaction with the EMTU (9) .
The presence of remodeling features in bronchial biopsy specimens from young children in the absence of eosinophilic infiltrates suggests an early role for epithelialmesenchymal trophic interactions, secondary to epithelial injury and stress (6, 7) . Actually, remodeling can be defined as structural changes during growth or in response to injury or inflammation. Airway remodeling is not an inherently abnormal response, but either an appropriate step in normal lung development or repair, or a series of events that can lead to pathophysiological consequences (52) . Communication between the epithelium and the fibroblast sheet is reminiscent of the morphogenesis process during which epithelium and mesenchyme form a trophic unit (56) . It is noteworthy that the gene-environmental interactions critical for the development of a full asthma phenotype involve processes similar to those occurring in branching morphogenesis (9, 55) . The importance of the epithelial-mesenchymal interactions in branching morphogenesis and alveolus formation has been known for several decades. Although it was initially suggested that the instructive signaling was unidirectional, with the pulmonary mesenchyme producing signaling molecules such as NF-κB, TGF-ß and FGF to induce normal epithelial development, it is now known that the epithelium also produces signaling molecules such as EGF, TGF-ß, Sonic Hedgehog (Shh) and Wnt proteins that are important for normal mesenchymal differentiation and proliferation (57) . Moreover, the majority of transcription factors, growth factors and other signaling molecules involved in branching morphogenesis are also implicated in airway remodeling (53, 57) . The observation that overexpression or inhibition of key elements of the EMTU results in dysfunctional repair has led to the proposal that remodeling in asthma could be a result of the EMTU remaining active after birth or becoming reactivated in susceptible asthmatics (57) .
Some investigators propose that in chronic asthma the epithelial mesenchymal trophic unit, crucial to lung development, becomes reactivated, leading to pathologic remodeling (9,57), whereby airway mesenchymal cells differentiate into myofibroblasts, which have both contractile and secretory functions (58, 59) . Remodeling of the asthmatic airway is associated with accumulation and activation of fibroblasts immediately beneath the reticular basement membrane (57) . TGF-ß and the related bone morphogenic proteins secreted by the epithelium and by inflammatory cells are powerful stimuli for the differentiation of airway mesenchymal cells into myofibroblasts. Although the relationship between myofibroblasts and ASM cells has yet to be determined, it has been suggested that airway fibroblasts provide a continuous source of precursor cells to generate new smooth muscle. In addition, TGF-ß enhances the capacity of these cells to release a wide variety of additional growth factors and cytokines (9) . However, the origin of the increased number of mesenchymal cells is unknown. One hypothesis is that the epithelialmesenchymal transition (EMT) might serve as a local source of interstitial fibroblasts (57) . Epithelial cells can be converted to mesenchymal cells by a process known as EMT (54, 55, 59) . During this transition, epithelial cells undergo molecular reprogramming, developing a new set of biochemical instructions, with complex changes in their architecture and behavior (55, 57) . The molecular mechanisms that regulate EMT are considerably overlapping with those that control cell adhesion, motility invasion, survival and differentiation, with participation of cytokines associated with proteolytic digestion of basement membranes upon which epithelial cells reside, including metalloproteinases, TGF-ß, EGF, IGF-2 and FGF-2 (54). Tissue culture studies have shown that several extracellular activators can trigger EMT (including components of the extracellular matrix, such as collagen, and soluble growth factors, such as TGF-ß and FGF), that extensive crosstalk exists between the signaling pathways that activate and repress EMT, and that EMT-inducing signaling pathways have many common endpoints, including down-regulation of epithelial (E)-cadherin (which is expressed in epithelial cells but not in mesenchymal cells) and expression of EMT-associated genes (55) . In this way, mature epithelia change their phenotype following morphogenic pressure from epithelial stress, such as inflammation or wounding, leading to fibroblast production and fibrogenesis (Table 2) . While traditional studies of fibrosis have focused on the production of extracellular matrix, this recent information suggests that epithelia can contribute by creating new fibroblasts (54, 59) . It is noteworthy that fibroblasts are conventionally accepted as a cell type of limited diversity. However, fibroblasts formed by EMT may express a profile of genes, or residual receptors or signaling pathways representative of their original mature epithelium, carrying a unique epithelial signature. Thus, fibroblasts of EMT origin can be as heterogeneous as the universe of epithelia, suggesting that therapies against fibrosis may need more specificity (54, 59) . Finally, the distinction between epithelial-mesenchymal interaction and epithelial-mesenchymal transition should be underscored: while epithelial-mesenchymal interaction refers to paracrine crosstalk between tissue epithelia and stromal fibroblasts, epithelialmesenchymal transition is a variant of transdifferentiation (whereby differentiated cells change into other differentiated cells) and a mechanism for dispersing cells in embryos, forming fibroblasts in injured tissues, or initiating metastases in epithelial cancer (54) .
Bronchial biopsy studies have shown thickening of the reticular basement membrane, evidence of airway remodeling, in children with difficult-to-control asthma unrelated to duration of symptoms, lung function or eosinophilic inflammation (6, 7) . These findings suggest that disordered epithelial-mesenchymal signaling may be a key feature in the origin of asthma, raising the possibility that the mechanisms of chronic and severe asthma may be different from that of mild disease (9) . It is known that during branching morphogenesis intermittent EGF and TGF-ß dominance produces alternating linear and branching of the developing airways (Figure 3) . A disorder of this process may account for the continued remodeling of the airways of subjects destined to develop asthma (9) . Furthermore, evidence suggests that molecular pathways responsible for lung development are activated postnatally to regulate host defense and wound healing (57) . Both morphogenic and pathological roles of TGF-ß have been well documented, while lung TGF-ß levels immediately after premature birth correlate with adverse pulmonary outcome. Indeed, transgenic mouse studies provide direct evidence for a functional linkage between inflammatory mediators and developmental pathways, whereas alveolar hypoplasia can be experimentally induced by overexpression of TNF-α and IL-6. Finally, inflammation activates Figure 3 . Figure 3 . Figure 3 . Figure 3 . Figure 3 . Communication between epithelium and the underlying epithelial fibroblast sheet is reminiscent of the process that drives branching morphogenesis, whereas epithelium and mesenchyme act as a trophic unit. Intermittent EGF and TGF-ß dominance produces alternating linear and branching of the developing airways, in a process similar to that observed in asthmatic airways (53) . EGFRs = epidermal growth factor receptors; TGF-ß = transforming growth factor-ß; ECM = extracellular matrix.
the ubiquitous transcription factor NF-κB, which mediates many of its biological effects. On the other hand, perturbations of NF-κB expression disrupt epithelial-mesenchymal interactions, resulting in abnormal lung morphogenesis. Thus NF-κB can modulate both inflammatory and morphological regulatory genes, establishing an operational and functional linkage between inflammation and development (60) . Taken together, these data support a role for the reactivation of the epithelial-mesenchymal trophic unit as an important mechanism in chronic and severe asthma. Although many different aspects in asthma pathophysiology have been increasingly elucidated with time, some limitations still persists in the management of asthmatic subjects. The recognition of asthma as an inflammatory disease and the description of different pathways involved in its inflammatory process and remodeling have greatly improved our understanding of its mechanisms. The latest evidence now reveals additional explanations and complexity for BHR, besides inflammation and remodeling. The concept of epithelial mesenchymal activation-reactivation together with the new findings on asthmatic ASM properties can potentially improve our understanding of the decline in lung function observed over time in this disease, as well as the anti-inflammatory refractory component of bronchial hyperresponsiveness, opening new avenues for therapeutic strategies in this disease. Finally, these findings also suggest that we have much more to learn about lung development that could shed new light on asthma pathophysiology.
